Objective: To evaluate the diagnostic accuracy of intraoperative pancreatoscopy with the ultrathin pancreatoscope for the main pancreatic lesions of mucinproducing tumors of the pancreas (MPT).
ties in detection of MPT lesions in the main pancreatic duct was compared.
Results: The diagnostic criterion of MPT lesions in the main pancreatic duct by intraoperative pancreatoscopy was a granular and papillary mural nodule. An MPT lesion in the main pancreatic duct was found in 17 of 24 cases. Intraoperative pancreatoscopy detected 10 cases of intraductal MPT lesions that could not be detected by endoscopic ultrasonography or endoscopic retrograde pancreatography. Five of 10 cases were intraductal multicentric lesions. In 3 of these 5, additional pancreatic resection was performed. For diagnosis of MPT lesions, the sensitivity, specificity, and overall accuracy of intraoperative pancreatoscopy were all 100%; respective values were 43.8%, 100%, and 60.9% for endoscopic retrograde pancreatography and 47%, 100%, and 62.5% for endoscopic ultrasonography.
Conclusions:
Intraoperative pancreatoscopy is safe and effective in diagnosing the intrapancreatic duct extension and multicentric lesions of MPT. It provides important information for operative strategy and contributes to successful pancreatic surgery.
Arch Surg. 1998; 133:263-267 W ITH THE recent better understanding of mucin-producing tumors of the pancreas (MPT), the number of reported cases has increased. 1 This disease was first reported in 1982 by Ohhashi et al, 2 who described 4 cases with hypersecretion of mucin from the pancreas caused by a ductal neoplasm. Various names have been given to this disease, such as mucin-hypersecreting carcinoma, 3 mucin-producing pancreatic tumor, 4 mucinous ductal ectasia, 5 mucinous cystadenoma and cystadenocarcinoma, 6, 7 and mucin-producing cystic tumors of the pancreas. 8 In this article, the term mucin-producing tumor of the pancreas was used in accordance with the recommendation of Itai.
9 Mucin-producing tumors of the pancreas develop in the main pancreatic duct and histologically consist of well-differentiated mucus-secreting cells.
It is important to confirm the extent of MPT in the main pancreatic duct for pancreatic surgery, but it is difficult to determine the exact intrapancreatic duct extent of MPT with conventional imaging techniques, including endoscopic ultrasonography (EUS). 10 Multicentric lesions of MPT must also be checked intraoperatively to avoid residual lesions. 11 Thus, a thorough exploration of the pancreatic duct is necessary to perform successful pancreatic surgery for MPT. With the recent progress of endoscopic technology, a small-bore endoscope with good resolution has been developed. 12 We performed intraoperative pancreatoscopy to evaluate the MPT lesion in the main pancreatic duct with an ultrathin pancreatoscope. The aim of this study is to evaluate the diagnostic accuracy of intraoperative pancreatoscopy for intraductal mural nodules of MPT and its advantage in pancreatic surgery for MPT.
ORIGINAL ARTICLE

RESULTS
In all patients, intraoperative pancreatoscopy was performed without complications. It took less than 10 minutes to perform this examination. The normal main pancreatic duct was visualized as a white smooth lumen with a slight knot. The orifice of the pancreatic duct branch was seen. Any MPT lesion was visualized as a reddish, granular, and papillary mural nodule with an appearance similar to that of salmon roe.
Pancreatoscopic findings of intraductal MPT were described as follows. In the case of hyperplasia, the diameter of the intraductal mural nodule was small and faintly red (Figure 2) . In adenoma, the diameter of intraductal mural nodule was large and reddish ( Figure 3) . In carcinoma, the intraductal mural nodule was a solid tumor (Figure 4) .
Intraoperative pancreatoscopy detected 9 cases of intraductal MPT lesions that could not be found by ERP, and 9 cases of MPT lesions not found by EUS. Five of 10 cases in which intraductal MPT lesions could not be detected by ERP or EUS had multifocal lesions located apart from one another. In 2 of these 5 cases, separate lesions
PATIENTS AND METHODS
From June 1992 to October 1996, 24 consecutive patients with MPT were prospectively studied with the intraoperative pancreatoscope. The study group consisted of 14 men and 10 women, with a mean age of 62 years (range, 44-78 years). The MPT was defined as a cystic or duct ectatic lesion or tumor with mucin excretion through a patulous orifice of the enlarged papilla and a dilated main pancreatic duct filled with mucin. According to the classification of Nakazawa et al, 8 the 24 MPT were classified into main-duct type and branchduct type. There were 5 main-duct types and 19 branchduct types. The MPT was located at the head of the pancreas in 15 cases, at the body in 8 cases, and at the tail in 1 case. In all patients, pancreatic resection and pathologic examination were performed.
TECHNIQUES
Intraoperative pancreatoscopy was performed with an ultrathin pancreatoscope (Clinical Supply Co Ltd, Gifu, Japan) (Figure 1 ). This scope has an 1.7-mm external diameter and a 120-cm effective length. It consists of 6000 image fibers, and its visual depth is above 2 mm. After laparotomy, the MPT lesion was explored according to the preoperative imaging diagnosis, and its location was confirmed with intraoperative ultrasonography. The pancreatic resection line was then determined and the pancreas was amputated. The pancreatoscope was inserted into the main pancreatic duct from the cut surface of the pancreas. First, the main pancreatic duct of the MPT side (resection side) was examined, followed by the main pancreatic duct on the nonresection side. Saline solution was sometimes infused into the main pancreatic duct through the small-bore channel of the pancreatoscope to obtain a sharp image. Saline solution overflow was collected in the basin of the operative field to avoid spillage of saline solution and mucin into the abdominal cavity.
Pancreatoscopic images were displayed on a 9-in color television monitor and recorded on 8-mm videotape. Individual still frames of investigated lesions were recorded on slide film. There was one observer (T.K.) of the intraoperative pancreatoscopic findings. Tabulation of the pancreatoscopic findings was performed during surgery. The reader (T.K.) of the pancreatoscopic studies was blinded to the results of other imaging procedures.
PREOPERATIVE EXAMINATION
In all patients, EUS and computed tomography, including dynamic study, were performed. In all but 1 patient, endoscopic retrograde pancreatography (ERP) was performed. The ERP procedure could not be performed in 1 patient who had previously undergone gastrectomy with Billroth II reconstruction.
Endoscopic retrograde pancreatography was performed by an expert endoscopist (T.F.). A well-defined filling defect of polypoid tumor was the diagnostic criterion for an intraductal MPT lesion. The ERP findings were reviewed without knowledge of the results of other examinations.
Endoscopic ultrasonography was performed by an expert endoscopist (Y.H.) and also was reviewed without knowledge of the results of other examinations. It was performed with a 7.5-MHz system (GF-UM 2, Olympus Corp, Tokyo, Japan). The diagnostic criterion for intraductal MPT by EUS was hyperechoic vegetation in the main pancreatic duct.
PATHOLOGIC EXAMINATION
In each case, the resected pancreatic specimens were serially cut into 5-mm stepwise tissue sections along the main pancreatic duct. The prepared slices were then dyed with hematoxylin-eosin. Histological examination was performed by 2 pathologists (T.N. and N.N.).
EVALUATION OF DIAGNOSTIC ACCURACY
The intraoperative pancreatoscopy results were correlated with the histological findings in the resected specimens. In terms of MPT lesion in the main pancreatic duct, the results of intraoperative pancreatoscopy were compared with the results of the other 2 imaging techniques (ERP and EUS). Comparison of proportions for statistical significance was calculated with the use of the Fisher exact probability test. PϽ.05 was considered significant in all statistical comparisons.
were located in the same side of the resected pancreas. In the remaining 3 cases, another intraductal MPT lesion was unexpectedly found in the residual side of the pancreas ( Figure 5) . Thus, in these 3 cases in which pancreaticoduodenectomy or pylorus-preserving pancreaticoduodenectomy was performed, additional resection of the pancreatic body was necessary.
In 2 cases of MPT at the pancreatic body, intraductal lesions extended more to the head side of the pancreas than to the point that was diagnosed preoperatively by ERP and EUS. Intraoperative ultrasonography revealed that the head side of the MPT lesion was located on the right side of the portal venous wall. The pancreas was amputated at the right side of the portal venous wall according to the intraoperative ultrasonography finding. Intraoperative pancreatoscopy was then performed in the remnant pancreas (head of the pancreas) to check the residual lesion of the main pancreatic duct. Unexpectedly, the tip of a polypoid lesion of MPT was found in the main pancreatic duct of the head of the pancreas and removed. Intraoperative pancreatoscopy was performed again and complete resection of MPT was confirmed.
All patients underwent surgical resection, including pylorus-preserving pancreaticoduodenectomy in 13 patients, pancreaticoduodenectomy in 2, distal pancreatectomy in 5, and segmental resection of the pancreas in 4. Histologically, the tumors consisted of welldifferentiated, mucin-secreting cells, and showed a papillary or papillotubular growth pattern. The pathologic diagnosis of the 24 MPT was hyperplasia of pancreatic duct epithelium in 11, intraductal papillary adenoma in 8, and intraductal papillary adenocarcinoma in 5. The mean diameter of intraductal mural nodule was 3.2 mm in the 11 hyperplasia, 6.4 mm in the 8 adenoma, and 10.5 mm in the 5 adenocarcinoma cases. In this study, there were no operative deaths. All patients were alive without recurrence within 4 years' follow-up time.
In the diagnosis of intraductal mural nodules of MPT, the results of intraoperative pancreatoscopy were compared with those of ERP and EUS. The accuracy of each method was calculated from the compiled data ( Table 1) . The sensitivity of pancreatoscopy in detection of intraductal mural nodules of MPT was statistically superior to that of ERP and EUS (PϽ.001). The overall accuracy of pancreatoscopy in the detection of intraductal mural nodules of MPT was statistically superior to that of ERP and EUS (PϽ.01) ( Table 2) .
COMMENT
Pancreatic tumors with intraductal growth and cystic transformation of the duct system have received increasing attention. 13 Mucin-producing tumors are character- ized by mucin excretion through a patulous orifice of the enlarged ampulla of Vater and a dilated main pancreatic duct filled with mucin. Most MPT are categorized as intraductal papillary neoplasms of the pancreas and regarded as low-grade neoplasms, and the term includes a broad spectrum of histopathologic disorders, from hyperplasia to adenocarcinoma. 14 In cases of adenocarcinoma of MPT, a large portion of the tumor consists of papillary hyperplasia and adenoma, with a small area being cancerous. Thus, a sequential change from papillary hyperplasia through adenoma to adenocarcinoma is considered to occur in the pancreatic duct.
14 A benign MPT lesion has malignant potential, so we adopted a policy of surgical resection of MPT lesions.
Mucin-producing tumors spread along the pancreatic duct with replacement of normal epithelium. 15 Main-duct type tumors extend along the main pancreatic duct, and the accurate diagnosis of tumor extent in the main pancreatic duct is important. Branch-duct type tumors also extend into the main pancreatic duct and show a superficial spread along the pancreatic duct epithelium. Yamada et al 14 reported that malignant cases of the branch-duct type extended into the main pancreatic duct in 66.7% of cases, vs 28.6% in benign cases. In our study, adenocarcinoma of branch-duct type MPT extended into the main pancreatic duct in all cases, adenoma of branch-duct type extended into the main pancreatic duct in 66.7%, and hyperplasia of branchduct type MPT extended into the main pancreatic duct in 50% of the cases under study. Thus, it is also important to evaluate the intrapancreatic duct extension of the branch-duct type MPT.
Multicentric development of MPT poses another problem. 16, 17 Fujii et al 16 reported that the incidence of multicentric lesions of MPT was 32%. In our study, the incidence was 20.8%. Multicentric MPT lesions were difficult to diagnose preoperatively by conventional imaging techniques.
Because of the main pancreatic duct spread and multicentricity of MPT, accurate diagnosis of MPT extent in the main pancreatic duct is important to formulate an operative strategy that will not leave any residual lesion. Despite the recent progress of imaging technology, however, the accurate detection of mural nodules in the main pancreatic duct remains difficult. 10, 18 Especially in hyperplasia of MPT, the diagnostic accuracy of EUS and ERP was 16.7% in the present study because the mural nodule averaged only 3.2 mm in size. Even in malignant cases, 2 cases were not detected accurately by EUS and ERP. In 1 case, the main MPT lesion was at the uncinate branch of the main pancreatic duct, and the MPT lesion at the main pancreatic duct was too small to be detected by EUS and ERP. In another case, the multicentric lesion in the main pancreatic duct was also too small to be recognized by conventional imaging techniques.
With the recent progress of endoscopic technology, an ultrathin endoscope was developed for pancreatic duct observation. 19 There are several reports about peroral pancreatoscopy using an ultrathin caliber endoscope. 20, 21 The improved endoscope has made it much easier to observe main pancreatic duct lesions. The diagnostic accuracy of peroral pancreatoscopy for MPT was reported to be 85%. 22 Thorough observation throughout the main pancreatic duct has proved difficult, however, because of the angle formed by the junction of the ducts of Wirsung and Santorini and the main pancreatic duct kinking. 12, 23 Thus, we performed intraoperative pancreatoscopy to observe the main pancreatic duct with an ultrathin pancreatoscope to overcome the aforementioned difficulty. One of the advantages of intraoperative pancreatoscopy is direct observation of the pancreatic duct with good visual field and easy technique. By moving the amputated pancreas manually, the pancreatoscope can be positioned in the center of the main pancreatic duct. This maneuver overcomes the duct tortuosity or kinking that prevents observation of the pancreatic duct. Another advantage of intraoperative pancreatoscopy is its excellent detection rate for intraductal mural nodules in the main pancreatic duct. It is very difficult to diagnose nodules smaller than 5 mm by ERP or EUS, much less by computed tomographic scan. 24 In our pancreatoscopy, intraductal mural nodules were characteristically visualized as a reddish papillary mass with a resemblance to salmon roe.
For the detection of MPT mural nodules in the main pancreatic duct, intraoperative pancreatoscopy was clearly superior to ERP or EUS. Moreover, the characteristic salmon roe appearance was a definite clue in MPT mural nodule diagnosis. It was important to differentiate MPT from other pancreatic diseases, especially chronic pancreatitis.
Mucin-producing tumors are premalignant or malignant lesions that should be completely removed, even if the patient is asymptomatic. It is basically a lowgrade malignant tumor and a good prognosis can be expected after resection unless it has invaded the pancreatic parenchyma or adjacent structures. 17, 25, 26 From the surgical point of view, limited resection of MPT without residual lesion is expected; organ-preserving procedures are the mainstream in pancreatic surgery in recent years. For MPT at the pancreatic head, pyloruspreserving pancreaticoduodenectomy is performed in our department. Recently, duodenum-preserving pancreatic head resection has been performed for MPT at the pancreatic head in some institutions. 27, 28 For MPT at the pancreatic body, distal pancreatectomy is the rule. As an organ-preserving procedure, segmental resection of the pancreas is undertaken for limited MPT lesion. We performed segmental resection in 4 cases of MPT at the pancreatic body. We have experienced no recurrence of MPT in our study patients during 4 years of follow-up. However, longer follow-up is needed to confirm the benefits of this technique for prognostic improvement of MPT.
In our study, intraoperative pancreatoscopy proved useful to diagnose the intrapancreatic duct extension, to pinpoint small lesions, and to detect multicentric lesions of MPT, while providing important information for operative planning and assuring the success of pancreatic surgery for MPT. 
